Abstract: Landscape change assessment was conducted in selected areas of Slovakia and Bulgaria in 1990-2000 using CORINE land cover (CLC) data layer analysis. Assessment of causes that led to these changes was undertaken, with an emphasis on those that determined the extensification of agriculture. The LC data were obtained under the CLC90 and I&CLC2000 projects, jointly managed by the European Environment Agency in Copenhagen, Denmark and the Joint Research Centre of the European Commission in Ispra, Italy. The CLC1990-2000-changes data layer was generated by overlaying the CLC90 and CLC2000 data layers for change in areas of a minimum 5 ha. The analysed causes of changes (driving forces) were then classified. Land cover (LC) changes characterizing urbanization processes occurred only in the Trnava and Tatras areas. Intensification of agriculture was also higher in these two areas. LC changes characterizing the extensification of agriculture were dominant in Plovdiv and Trnava. Deforestation and forestation were identified in all areas (Trnava, Tatras, Plovdiv, and Burgas). The basic reasons of these changes were related to the transformation of national economies from being centrally planned to market controlled, following the fall of socialism and before the countries joined the European Union.
Introduction
In the 1990s and early 21st century, research contributing to knowledge about land use (LU) and land cover (LC) changes at different scales and varied geographical conditions have gained ever more attention. An example of previous work was the Land Utilization Survey of the United Kingdom in 1920-1930 coordinated by Sir Dudley * E-mail: feranec@savba.sk Stamp [1] . Initial efforts were rather fragmented because not all countries participated in mapping, methodologies were not coordinated and the LU and LC classification systems used were also different [2, 3] . One important step forward was the introduction of the CORINE Land Cover (Coordination of Information on the Environment -CLC) Project involving the first 12 Member States of the European Community [4] . These and the following projects I&CLC2000 and CLC2006 encompass almost the whole of Europe, with the aim to provide consistent localized geographical information on LC. The derived data concerning the LC of Europe CLC90 and CLC2000 and the changes between 1990 and 2000 are also accessible on the website of the European Environment Agency (EEA) 1 . The data allow research in the area of landscape change not only at European but also at regional levels, as shown by recently accomplished projects in Europe such as LACOAST, Phare Topic Link on Land Cover, MURBANDY, BIOPRESS [5] . Harmonization of LC classification at the global level has been also enhanced by the activities of the Food and Agriculture Organization [6] .
CLC data were obtained by interpretation of satellite images. These offer information about frequency, size (stock) and changes of LC classes of Europe including its different parts or regions. Haines-Young and Weber [7] emphasized that CLC data formed the basis of the study and were available throughout these dates.
However, landscape changes can be effectively managed only through correct interpretation of their principal driving forces. This fact has stimulated research concentrated on definition and classification of forces that cause observed landscape changes. Bűrgi et al. [8] mentioned that in former studies these forces have been also called keystone processes [9] or drivers [10] Schneeberger et al. [11] distinguished between actors and driving forces. Whereas actors (such as individuals, agencies, institutions or boards) are decision-making and mediating agents, the driving forces are expressions of these decisions or acts, for example, laws, subsidies or mechanization. Bűrgi et al. [8] gave an overview on past, current and new directions in studies of driving forces.
Causes of change (driving forces) considered and evaluated in this study are classified after Geist and Lambin [12] and Lesschen et al. [13] into proximate causeshuman activities or immediate actions that directly affect land use (e.g. wood extraction or road construction) and underlying causes -fundamental social processes (such as human population dynamics or agricultural policies), that underpin the proximate causes and either operate at the local level or have indirect impact at the national or global level.
Driving forces are outlined as part of the DPSIR framework (a tool for landscape change assessment). This approach generally reflects the view of relationships between the environmental system and human system from the perspective of system analysis. According to this system analysis, social and economic development exerts Pressures (P) on the environment and consequently, the State (S) of the environment changes, such as the provision of 1 www.eea.europa.eu adequate conditions and biodiversity. Finally, this leads to Impacts (I) on human health, ecosystems and materials that may elicit societal Responses (R) that feed back on the Driving forces (D), or on the state or impacts directly through adaptation or curative action [14] .
Demographic variables appear to be the most important indicators when it comes to measuring social and cultural driving forces. Vidal et al. [15] suggest that levels and changes in agricultural employment indicate the relative importance of agriculture in the local or regional employment structure. Farming plays an essential role in maintaining the landscape structure and keeping the environment in a desirable state, encouraging optimal landscape diversity and specific features of different regions. For this reason, an extraordinary drop in number of agricultural workers and changes in the structure of agricultural producers as a result of massive privatisation and restitution processes in the post-communist countries [16] , belong to the crucial underlying driving forces of landscape change.
The aim of the study is to apply the landscape change assessment methodology for the period 1990-2000, using the results obtained by the analysis of CLC data layers for the Trnava and Tatras areas (in Slovakia), and the Plovdiv and Burgas areas (in Bulgaria); and to assess the driving forces that lead to the most important identified changes, in particular those connected with the extensification of agriculture.
Study areas
Two regional area pairs in Slovakia and Bulgaria were selected. The first pair, Trnava and Plovdiv, is situated in lowlands while the second pair, Tatras and Burgas, are situated in the mountains and by the coast.
Trnava
The study area is situated in the south-western part of Slovakia ( Figure 1 ) and includes seven districts of the Trnava region (Skalica, Senica, Piešt'any, Hlohovec, Trnava, Galanta and Dunajská Streda) and two districts of the Bratislava region (Senec and Pezinok; Figure 1 ) with a total area of 4961 km 2 or 10.1% of the national territory. The total population of the region was 656,992 in December 2001, or 12.2% of the national total. The Trnava region ranks fourth in the country with population density 132 inhabitants per km 2 .
Six topographic units differentiate the relief. The Podunajská nížina and the Záhorská nížina lowland cover the major part of the region. The territory is delimited by the forested highland of the White Carpathians in the north where it grades to the sub-mountainous landscape of the Myjavská pahorkatina, marked by agricultural use and dispersed settlement. The forested mountainous landscape of the Little Carpathians and the Považský Inovec Mountain also contains a typical belt of vineyards on their foothills.
The highly differentiated topography of the Trnava area results in a diversified economy. The area produces 10.6% of the national GDP, one of the highest regional shares. The CLC2000 classes comprise: agricultural areas -72.8%; forest and semi-natural areas 17.5; wetlands and water bodies -1.7%; and artificial surfaces -8.0%.
Tatras
The Tatras is situated in northern central Slovakia (see Figure 1 ) and includes two districts of the Žilina administrative region (Tvrdošín and Liptovský Mikuláš) and two districts of the Prešov administrative region (Poprad and Kežmarok) (see Figure 1 ) with a total area of 3,764 km 2 or 7.7% of the national territory. The population of the region was 276,625 in December 2001, or 5.1% of the national total. Tatras ranks last in the country with population density 73 inhabitants per km 2 .
Topography of this area is heterogeneous. munes (Štrbské Pleso, Starý Smokovec, Tatranská Lomnica) and numerous protected landscape areas, as well as two National Parks (TANAP and NAPANT) enhance the importance of the area for travel and tourism.
Plovdiv
Plovdiv is situated in the central part of southern Bulgaria and includes 18 municipalities (see Figure 2 ) with a total area of 5972.9 km 2 or 5.4% of the national territory. The total population of the region was 728,246 in December 2000, or 8.9% of the national total. Both in terms of overall population and population density (122 inhabitants per km 2 ), the Plovdiv area ranks second following the Sofia region. The relief is quite varied. The central part of the region is a fragment of the Upper Thracian Lowland and it is characterized by plain relief and mainly by agricultural and urban areas. Mountainous landscapes and forests are predominant both in the northern (Balkan Mountains and Sredna Gora Mountains) and southern (Rhodopes Mountains) parts of the region. The area produces 7.5% of the national GDP, which is one of the highest shares among the regions. Specific features of agriculture in the region include rice growing in the Maritsa municipality, and rose growing in the Karlovo municipality. The CLC2000 classes comprise: agricultural areas -53.4%; forest and semi-natural areas, wetlands and water bodies -41.3%; and artificial surfaces -5.3%.
Burgas
The area of Burgas is situated in the south-east of Bulgaria and includes six coastal zone municipalities (see Figure 2 ) with a total area of 2736 km 2 or 2.5% of the national territory. Its northern border passes along the Balkan Mountain ridge, its southern border coincides with the state frontier with Turkey, and the Black Sea forms the natural eastern border. At the regional centre of Burgas, the towns of Pomorie and Nesebar stand out among the region's principal towns. The total population of the region was 286,486 in March 2001 or 3.6% of the national total. Mean density at 105 inhabitants per km 2 is above the Bulgarian national mean. The relief features show great diversity extending over part of the Eastern Balkan mountain range, the Burgas Lowlands and the Strandzha Mountain. The Black Sea coast is deeply indented with Burgas bay being the largest in Bulgaria. Most economic activity, and the majority of the population, is concentrated in the Burgas Lowlands.
Potential for the development of tourism and recreational activities is considerable. The CLC2000 classes comprise: forest and semi-natural areas, wetlands and water bodies -58.5%; agricultural areas -37.0%; and artificial surfaces -4.5%.
Data and methodology
The data used come from the CLC projects accomplished in Slovakia and Bulgaria in the 1990s and 2000, and characterize land cover according to the CLC nomenclature (see Table 1 ). Changes of land cover in Slovakia and Bulgaria from 1990-2000, including those in the study areas, were identified by application of the Computer Aided Visual Interpretation (CAVI) [5, 8] method under the I&CLC2000 Project. The CLC90 data layer and Landsat ETM from 2000 (+/-one year, IMAGE2000) satellite images were used for the derivation of the CLC90/2000 change layer.
The following interpretation criteria were used: a minimum area of 5 ha of the identified polygon change in the CLC90 data layer compared to its appearance in IM-AGE2000; a minimum identified width of the change of 100 m; and a minimum newly identified area of 25 ha [5, 8] . Tables 2-5 and Figures 3-6 show the identified LC changes in all study areas.
Driving forces of LC changes in study areas were assessed and classified into the five types [7, 17, 18] see Tables 6-10 .
The first type of driving forces -urban development (U) -is represented by changes (land cover flows -LCF) of agricultural, forest and semi-natural LC classes (21x into 32x; for explanation of the CLC class code see Table 1 ) into classes of artificial surfaces (11x into 14x) and classes of mining, dumping and construction sites (13x) into industrial, commercial and transport units (12x). Three types of driving forces were identified: U1 -land taken by housing and recreation (all class changes into 112 and 142), U2 -land taken by industrial and commercial sites (all class changes into 12x), and U3 -land taken by mines and construction sites (all class changes into 13x) (see Table 6 ). Table 7 ). Table 8 ). Table 9 ). Table 10 ).
As the dominant type of landscape change in all study areas, the extensification of agriculture was chosen for analysis of its driving forces. A matrix containing different types of driving forces was used for summarizing information obtained by the analysis of CLC data, statistical data and governmental reports related to the studied time horizons. Proximate causes of the landscape changes understood as activities or immediate actions that directly affect LU [12] were derived from the identified LC flows. Underlying driving forces were classified into five types: demographic and cultural, economic, political, technological and natural [8, 11] . Following these authors, demographic factors were included in the group of cultural driving forces.
Results and discussion
The natural, modified (cultivated) and artificial objects integrated in the landscape also possess specific physiognomy identifiable through LC [3, 19] . Hence, LC reflects the biophysical state of the real landscape (including the effects of human activity on the biophysical unit). This is the reason why LC data are increasingly used for derivation of various landscape attributes such as its changes, diversity, driving forces, forecasting etc. and for modelling of its different properties.
Some driving forces take effect on the landscape immediately (e.g. change of a vineyard into arable land), whereas others affect landscape indirectly after a certain time lag, for example laws and regulations [11] . Results obtained by LC flow analysis contribute to explanation, quantification and assessment of the five driving forces of changes, which were observed in the period of 1990 -2000 (+/-1 year). This period was that of transformation of national economies from centrally planned to market controlled ones, following the fall of socialism and before the countries joined the EU.
Urban development
The driving forces of urban development, identified by means of CLC90 and CLC2000 data layers are documented in Figure 7 . LC changes caused by expansion of residential construction dominated in Trnava (U1: 920 ha) and Tatras (U1: 102 ha). Changes caused by industrial and commercial constructions and transport infrastructure were only significant in Trnava (U2: 440 ha). Changes in favour of extraction and construction were identified in Trnava (U3 -34 ha), Tatras (U3 -127 ha) and Burgas (U3 -26 ha).
Intensification of agriculture
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Extensification of agriculture
It is evident from Figure 9 , showing an example of the detailed characteristics of driving forces, that the process of a landscape change is influenced by multiple factors. A manifestation of driving forces of extensification of agriculture is shown in Figure 10 .
The period after 1990 saw important changes in agriculture and transformation of agricultural cooperatives in former socialist countries. According to Bičík and Jeleček [16] , the process of massive privatisation and restitution had a crucial impact on the whole territory of the Czech Republic and its economy because of an extraordinary drop in the number of agricultural workers. The decrease of the population working in agriculture was also remarkable in Slovakia and Bulgaria. In the areas of Trnava and the Tatras, the number of active persons in agriculture decreased by 62% and the decrease in Plovdiv and Burgas was 52%. For the sake of better comparison among the study areas, Figure 11 presents changes in farming activity recalculated to the area of agricultural land represented by CLC classes 211 -243. In 1989, 39.7% workers with elementary education, 39.5% with a completed apprenticeship, 12.1% with complete secondary vocational education, and 3.6% with university education worked in agricultural co-operatives and State farms in Slovakia. The high proportion of employees with elementary education was also connected with the higher demand for unqualified workers at that time. As a result of the great decrease of employees with elementary education, the qualification structure of employees changed positively [20] . On the other hand, these changes also partially induced changes in crop structure. Generally, the share of cereals (especially wheat) and oil seeds on arable land increased, while areas planted with annual and permanent fodders and sugar beet remarkably decreased.
In Trnava, changes in crop output trends were due to the economic driving forces. Building of a new processing facility for oil products near Bratislava led to increased areas sown with rape and sunflower. At the same time, several sugar beet processing factories in the region closed. The permanent reduction of the numbers of animals was typical for beef cattle husbandry in 1990 -1998. Decrease of areas with fodder crops was a side effect of reduced animal production. In Bulgaria, total crop output suffered a significant decline as a result of smaller areas under crops, with sunflower and pepper being the only exceptions, and also because of lower yields (tobacco excluded). The decline was brought about not only by unstable production structures but also because agriculture was taken over by the increasing number of small private producers who used inefficient production technologies and substandard seed quality. Other reasons behind the decline include poor soil cultivation and inadequate crop protection [21] . This resulted in high production costs producing an adverse effect on the competitiveness of the Bulgarian agricultural sector and impeding sales on both the domestic and foreign markets. Private farms were the biggest producers of fruit and vegetables, maize, tobacco and potatoes while private co-operatives specialised in production of cereals and oil seeds. In Plovdiv, the most important LC flow was the change of rice fields into arable land. The main reason of this phenomenon was the problem with land irrigation. Stemming from the instability and disturbances in agricultural markets, the decreasing water demand for irrigation purposes, poor technical condition of irrigation facilities, and the low percentage of actually irrigated land areas have grown into a major problem encountered by agriculture. About 40% of Bulgaria's irrigation system is of low efficiency, while 80% of the internal canal system is, according to the Republic of Bulgaria's Ministry of Agriculture and Forestry [21] , practically unusable. In 1990, the land area irrigated amounted to 570 000 ha, steadily decreasing to only 50,000 ha in 1997. The reasons behind the decrease of irrigated area (quoted by the Ministry of Agriculture and Forestry, Republic of Bulgaria, [21] ) are as follows: Changes in the agricultural production structure and higher irrigation costs; high delivery costs of water pump stations and hence price increases; Poor maintenance and breakdown service of the irrigation network; Absence of viable structures and the taking over of management of the irrigation system and network, given the enormous number of new landowners and potential water users. Due to shortage of funding, irrigation was seldom used (approximately 20%) in Slovakia. The maintenance situation of the main irrigation equipment is critical, and the irrigation technology is obsolete. Efforts are now being invested into making the irrigation systems functional in the most productive areas of Slovakia, and also with regard to expected climate change. After the changes made in the 1990s, the co-operatives still maintained their dominant position in agriculture by 2000, although their share in the overall area of agricultural land decreased. In Slovakia, the numbers of trading companies, in particular those of limited liability kept increasing due to privatisation of the State farms and progressive disappearance of co-operatives. Consequently, the area of land managed by them also increased. Transformation of agriculture was connected with changes in land ownership. However, only a few of the new landowners practised farming. In Slovakia, the majority of nonfarmer restitutors lacked farming experience after the 40-year period of cooperative farming, so they preferred to lease their land to transformed cooperative farms or private farms that continued in large-scale farming. Despite this, the number of cooperative-farm employees notably decreased in all study areas ( Figure 12 ). On the other hand, the number of self-employed farmers per 1000 ha of the agricultural area increased from 0. The development tendencies of the technological base of agriculture have been markedly characterized by the outdated technological equipment due to a rather slow rate of its renewal both in Slovakia and in Bulgaria. Compared to other countries, farm machinery lagged significantly behind in terms of both quantity and quality, and the equipment is generally obsolete and worn out. At the outset of the economic reform, total tractor horsepower (hp) per 100 ha of farmland was 70 in Bulgaria, compared to 200-300 hp in the EU Member States and over 460 hp per 100 ha in Germany [21] . An increase of production profitability and environmental protection modernisation as well as acquisition of technical and technological equipment is desirable in both countries.
Fragmentation of land ownership created by land restitution remains a significant barrier to long-term investments in agriculture, land improvement and efficient use of agricultural machinery. To improve this situation there is a clear need for land consolidation measures in both countries.
Deforestation
Driving forces of deforestation of this change type in the landscape are shown in Figure 13 . Their manifestation is connected with the change of forest into woodland scrub due to logging. The area of these changes was greatest in the Tatras (D1 -11 525 ha) and considerably smaller in Plovdiv (D1 -2058 ha), Trnava (D1 -1706 ha) and Burgas (D1 -405 ha). Small changes of forest in favour of agricultural areas (Trnava: D2 -228 ha; Tatras: D2 -102 ha) were due to recultivation of the landscape after some technical works (such as dam construction) were finished.
Forestation
Manifestation of LC change driving forces characteristic of forestation is illustrated in Figure 14 . Comprehension of individual changes is basically determined by sufficient and relevant information about their causes. The changes in territorial-administrative arrangements accomplished in the course of the study period have considerably complicated the comparison of relevant statistical data related to the period in question. Many types of information concerning rate and kind of land use that are now monitored in the EU countries were not available at the beginning of the 1990s. Also, statistical registration followed different methods in Bulgaria and Slovakia, making the comparison more difficult. As the European Union emphasises, with harmonisation of statistical data obtained by individual Member Countries, the comparison should become much simpler than before.
As far as methodology is concerned, the approaches of Geist and Lambin [12] and Schneeberger et al. [11] were applied to cause assessment for the individual LC changes. They represented a relevant tool applicable to the search of causes that led to extensification of agriculture. However, the methodology is not considered final for analogue analysis. Further itemisation that will embrace the considerable part of specific features at regional levels of landscape change assessment is necessary.
Conclusions
The methodology and CLC data used in the study demonstrate one of the possibilities for the comparative identification, analysis and assessment of landscape changes at the regional level of European states (in this work, selected parts of Slovakia and Bulgaria). The existence of CLC90 and CLC2000 data layers for a substantial part of Europe provides reliable source material for the work.
The results can be classified into two parts. They provide the basic geographical characteristics of identified LC changes concerning frequency, size (area) and derivation of basic processes, i.e. flows in the landscape, which indicate the causes determining landscape changes. The CLC90 and CLC2000 data layers are appropriate for the generation of such information. Secondly, they contribute to explanations of causes that lead to changes identified in the landscape. Analysis and assessment of landscape changes are very complicated processes influenced by a number of factors. Geist and Lambin [12] and Leschen et al. [13] classified these as proximate causes and underlying causes. The general absence of relevant and compatible data, which characterize both proximate and underlying causes for both countries, only permitted a detailed analysis of forces that caused the extensification of agriculture in four areas of Slovakia and Bulgaria.
Analysis of five types of driving forces (see Table 11 ) led to the following basic knowledge:
LC changes characterizing urbanization processes occurred only in the Trnava and Tatras areas;
Intensification of agriculture occurred in all areas but was higher in areas of Trnava and the Tatras. Processes determining these changes were connected with changes of the agrarian policy in Slovakia and Bulgaria and with privatisation of agricultural land;
Especially extensive LC changes involving extensification of the agricultural land took place in Plovdiv and Trnava as a consequence of changed subsidy policy in the agrarian sector in all countries of the former Eastern Block;
Diminishment of LC classes that represent forests was identified in all analysed areas, indicating extensive logging or occurrence of negative effects produced by varied catastrophes (wind in particular);
Forestry processes characterized by changes of transitional woodland scrub into forest or those of abandoned farming areas into woodland scrub, occurred in all areas assessed. These processes are either natural or humaninduced (cultivation of woods).
